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1 -Intr duction

A. The following report covers work done during the period of 1 January 1965 through
-30 April 1966. The previous Annual Report was submitted on 28 March 1965, so that

this repoit is ptepoied 12 months after the los: ann~ual report subriitted.

The report covers four aieas of work during the period covered.

I. Sulfamylon skin penetration

2. Evoporational water loss studies

3. Bacteriologic studies

4. Clinical trio! of Sulfamylon spray

B. Final Report at termination of co-itract 31 May 1966 is also attached.

II. Current Progress

A. Sulfamylon Penetration Studies

1. Rationale:

"When Lindsey first suggested the use of mofenide in studies of topical therapy
of experimental open wounds, Mendelson was of the opinion that it might be par-
týcularly valuable becau.e past studies by others implied that mafenide is poorly
absorbed. It was her impression that it might remain active at the site longer, and
not be as conducive to systemic toxicity as a more readily absorbed tooical anti-
bacterial agent. However, as analytical techniques have improved in recent years,
it seemed worth while to re-evaluate the extent to which topically applied mafenide
is absorbed systemically."

2. Procedure:

a. Gauze pads (area: 103 cm2 ) or abs..Lot beaker pads (area: 95 cm2) are sat-
urated with Sulfamylon solution.

b, The quantity and per cent concentration of Sulfomylon in saline (not water)
present on the pads is recorded.

c. The pore Oc on tie skin of dogs which has been cleaned and shaved.
The pods remain in place throughout the experiment.

cd. If the dressings are to be occluded, a piece of Sa~an Wrap ,0.0005 inch thick)
or Mylar 25 (0.0005 inch thick) is tapea tightly to the skin.

I
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e. Blood oa urine samples are collected from the do% at iegular intervals.

f. Control blood or urine blanks are taken before any pads have been placed on
the dog.

g. When urine samples are collected, an I.V. diip of D5W (10 'cqkghi) is used
to assjur good urine volume.

k. Sulfamylon was measured in blood Or in urine by the method of McChesney,
et ol (see Annual Report 31 December 1963 1- January 1965, page 8).

I -
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c. Se'ries III

Sulfamylon Skin Penetration
U..bur•, ed Docs .. .. . ...Dog' -w A. ea~ Co,.e t ,d Qu,,•,t,, Sulfayo•..o, •

Do A .' - I.ime r Dress . Dos•.er
Aeo v nr. D;Css J1 Mylar Open

mg./iID cc Urine

1 hr. 24.5 30.1 0.0
1 190cm2  2 61.8 50.9 0.0

14 kg. t2 absorbent 9 .5 grams 3 47.7 38.5 3.8
beaker pads) 4 53.4 49.0 4.5

5 46.0 45.3 4.3
6 33.2 42.6 2.8

1 5his. 18.0 22.0 0.0
2 206 cm2 2 26.6 25.5 0.0

13.5 kg. (2 gauze pods) 2.8 grams 3 24.9 23.0 1.2
14 kg. 4 27.7 26 7 2.0

5 43.2 29.2 2.2
6 22.5 28.0 1.0

0.5hr. 53.8 20.0 0 0
3 206 cm2  1 hr. 99.5 97.5 0.)
9.5 kg (2 gauze pods) 2.8 grams 2 109.0 (99.0 2.3

3 82.0 ( 3.5
4 84.0 87.0 4.9
5 92.0 81.0 5.0
6 "02.0 86.8 3.7

2 1 hr. 15.2 13.0 0.0
4 206 2m 2 29.1 27.2 0.0

14.2 kg. (2 gauze pods) 2.8 grams 3 22.0 26.1 1.0
4 24.7 23.0 1.5
5 32.6 24.7 2.4
6 20.3 25.9 0.9

I

-'
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4. D Iscuss~ion.

a. Series I

The first s> txpt r irr~entlt III SC! iVs ,Nvir e uttemrls to re-zover Sulfamy 10:1
in blood. The darn shows that both the additioni of DMSO (IDO"7c and inc ease
in the surface areo exposed to Sulfuruylon foriled to lproduce; ineoisuroble blood
levels. Experiment 05 shows a similar result ir the burned dog.

Fa lure to dcm-.-.strote ¶rilframy lorn brea'cdown pro-ducts in the blood prompt-
ed us *- look nroie closely at urine barrples. Experlim.,nts 0'7 and iP-~al.
sirila' to the o-kers, reveul that at least measurable amour's of Su:farn> Ion
breakdown products car, be demrorstroted i- the urine when the Suiarnlylon,
applied is odded to DM50.

The small amount of Ssjifamy~lon breakdown proaducts recovered in the urine
prompted e ~pefiment t9 in which 200% solutionr in 11001/0 DM50 app I ed to an
area si : t'--nes as !orge as e periment 08 to dlettimine if the small eco-ýery wcis
due to the amount applied. ihe results are indicated in the tob~e.

Experimerrt 1 10, -. mlIiar to 09 bu- without DMASO, dlemors~rates v for
larger recovery in both blood ord urine and suggests that 100tY/ DMS0 may
interfere with Sulfamyiori absorption.

Experiments # 11 , 12, and 0 13 were donc in burned dlogs Animals were
burned as pres.iously reported (see Annual Progress Report, 31 December 1962-
I Junuary 1964). In experiment ' 12, Suiramylon sclution was cortinuously
added to the beaker pads to obviate the problem of loss by evaporation. Despite
increosing the amrrount of Sulfarn~lcn applied in experiment '12 to three times

( tnat of experiment Oi11, very low urirwt recovery rates were obtained. These
fC5L'itt shn')uid Le cortras'ed a tq pe noNtrnpd Ao N expcrrm~ert¶.

Experiment 0 13 reveals that url ike the control (experiment 09) addition of
90% DMSC to Sulfonylon in, the burned dog permits a fair recovery in. the
urine.

b,. Series 11

All five experimerts in this series demonstrate failure of recovery of Sulfa-

mylon breakdown products under the conditions stated in whole blood. Our
experience with blood samples up to and including this series prompted us to use
urine samples only for the remaining experiments.

The odditio" cf Scrar. Wrap covering the Sulfamylon is an attempt to stop
evaporation of water from the dressing, although in burned dogs (experiments
i I1I and 012, Series 1) continued applicatlon did not permit high urine recovery.



c. Series Ill

Results of the fou, experimunts in Seiles liI demonstiole tha! coveting of
the Sulfamylon dressing either vth a,- impevious plostic membiane or with
Mylar 25 increases the ar,.oont oar 'ulfaQ,:, on bred' 'o'ori prIouUts wvhch car,
be recovered ir, the urine.

cý. Su!famylon dressings with varlou, pln.tic coverings are beng 5'udiec in burn-

ed dogs for comporisin with Sere. It at the time of this report.

e. Pending results from d. above, ciinical trial of Sulfomrlon spray and dress-
ings coveted with plastic filrr..s miht w'ell be valuabte

B. Sulfai'ylon and Nafcillin Diffusion C otmbei Studies

1 Procedure:

a. Two cup diffusion chnr-bers were trade of Teflon and so designed that one cup
was sepaFuted from the ot-ier by the membrane to be tested. The chambers
each hoae a sn-all opening iHto which a Luer luv, fitting is fixea. Solutions
t. be tested are beside c-cch other separated bý , ie mnmbrone to be tested.
The area of t',e rn-embron.e exposed was 4.9 cm 2 in foxi of the clls ar,d 4.2
cr.2 2n one of them (slight dife, ence e. construction). Some runs were mode
with the cells closed to the atmosphe'e. Later runs were made with the cells
open (through the Let~r lock) to the atmosphere as most diffusion cells used by
owhers are.

b. Various combinaticis of soluoions w,ere tested itn the cell unde. conditions of
bot• closed and open to the atmosphere.

7~~m cu.o!:bub ~ kli (- t::: ;1r U Wuiet 6uik

at 37.50 C.

d. Voa ious concentrations of DMSO were evaluated.

e- Rot or dog skin was used as the diffusior. membrane. The skin, was removed
full thickness from the anesthetized living animal. Subcutaneous fat was
excised under direct vision by a sc"pell. All skin was used immediately
after removal from the animal

f. Concentrctiorns diffused were measured at a grven time in hours following the
t start of the test.

1, 2. Results:

o. Nafc; 6n diffusion rates utilizi;ig 0. 1% concentratiun of Sodium Nafcillin
thrct n'full thickness dog sklin irto distilled water with the cell clo~ed to the
otm, phere.

| _ _ _ _ _ _ _ _
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Aqueous Nafclllin 0.1%

Ti-,e (Hours) [Ditos,. Rate lest

2 3 12
1i 24 1
18.75 O. 10

45.5 2 5 2
72 C 7 3

b. Natcillin affus;oi rutes uti!izi-1g 0 1% cir in 90r'. DMSO trough
fu'l thickness dog skit' i',to distilled wct(r with the cell closed to the
otmosphere

90% DMSO - Ncfcilin

T DiffusioI. Rate f Test

Time (Hotrs) iugms c'- Ihr) N,-nib-e

1 0 7
4 1.2 1

18 0.8 4
19 3.2 5

63.6 0-8 11

0.. Aqucuu .Sufumy.on diffusion rates uti;zing 0. Izv cooncentrotiO f SuO i c-

mylon in woter through ful! thickness dog skirM into distilled voter with the
cell open to the atmosphere.

Aqueous Sulfarrylc 0. 1%

i J Pi FfUSior" Ra-e T' estTime (Hours) I 2ugfsihr RNme

ýUqm/ 'n Number

19 1
19 3.7 22

S19 2I"j226 2519 26 I 24
S19 2.7 25

I

L_ __ _ _ _ _ ____
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d. Aqueous Sulfamylon diffusion rates through full thickness dog skin utilizing
1% concentration with the cell open to the atmosphere.

Aqueous Sulfamylon 1%

Diffusion Rate Test
Time (Hours) (ugms/cm2 ,/hr) Number

23 11.5 26
23 10.8 28
23 18.0 29

e. Aqueous Sufamylon diffusion ratt itilizing 0. 1% concentration in 90%
DMSO through full thickness skin i;ito distiiled water with the cell open to
the atmosphere. Unburned and third degree burned rat skin.

Aqueous Sulfamylon in 909/6 DMSO

.. ... . | - -Diffusion Rote Test .
Time (Hours) (ugms/cm2 /hr) Number

Unburn~ed Burned

20 2.2 3.6 20&21

3. Discussion:

a. Results in a.and b.above indicate, in essence, that the rate of diffusion,
wiiether Nafcillin is in DMSO solution or not, is quite slow.

b. Results in c. and d. above indicate that increasing the concentration of
aqueous Sulfamylon from 0. 1% to 1.0% is commensurate with an increase in
diffusion rate. Also, at comparable times, diffusion rates are roughly com-
parable with the exception of the first 19 hour run and the last 23 hour run.

c. The results in e. above cannot really be interpreted other than t> note that

under the conditions of tke two runs the rate is slow with both burned and
unburned skin (see c. above - diffusion rates -i 19 hours).

d. Further studies along these lines were not carried out for three reasons. First,

t -

K D _ __
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the data is not so meaningful as in vivo studies. Second, the whole DMSO
concept was modified by removal of this drug from the market for hurian use
by the FDA. If toxic side effects occur, certainly large burn surfaces would
orovide inordinate exposure. Third, many variables inherent in diffusion
chamber work are difficult to control.

C. Evaporational Water Loss Studies

1 . Iniroductior,:

Considerable data on evaporational water loss has been submitted in previous
reports. See Annual Report 31 December 1962 - I January 1964, Annual Report
31 December 1963 - I January 1965, Letter Rep,.rt. April 1965, etc. Various
clay mineral dressings have been studied in an attempt to demonstrate their useful-
ness in reducing the rate of evaporational water loss from the surface of the burn
wound. From the outset of this work, the clay dressings have been constructed as
described in detail in the Annual Progress Report of 31 December 1962 - 1 January
1964.

The covering plastic film (Mylar 25) was selected for its porosity to serve as a
membrane to reduce the rate of evaporative water loss from the surface of the wet

clay.

-.. .. . 2. -Comparison Menlo Park -r-loy with Petroria clay: ....

a. Procedure

Water in cylinders of known diameter (4.9 cm2 ) were covered with clay

dressings as described. The water does not touch the clay. Control cylinders
were measured concurrent ly

b. Results

Control: Open beakers : 74.1 ugmsim;n/cm
2

Menlo Park Clay

Sample # I Rate of Loss

,_ ugms/min/c.4

1 6.0

2 9.n
3 9.2

4 8.4

5 9.0
6 9.2
7 8.8

8 I7.8

Average 8.4
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Petroria Clay

Sample # Rate of Loss2ugmrs/mi n/cm2

1 8.8
2 9.6

S3 9.1
4 7.2
5 9.5

Average 8.8

C. Discussion

The remarkably similar results, despite the markedly different compo-
sitions of the clay (Menlo Pork - Attapulgite, Pretoria Kaolinite) suggest,
possibly, that clay composition is not a significant factor in evaporative
water loss reduction.

Anothe- possib ed ility is that Mylar alone is responsible for the similarity

of results. Experiments to test this were done.

3. Mylar film studies:

a. Procedure

2Iin Cylindres of water of known diameter (4.9 cm 2 ) were covered with dress-
ings as foliows. The dressings are not in contact with the water.

Wet clay (Menlo Park) with Mylar cover
Wet clay (Menlo Park) without Mylar

Mylar film akone

Complete dressing without clay

Control cylinders were run concurrently with the dressings tested.

b. Results

Control 74.1 ugmr/min/cm
2

Ii ______'_



- 13-

Wet Clay with Mylar Film

Sample #Rate of Loss

Sample

1 6.0

2

3 9.2
4 8.4
5 9.0
6 9.2
7 8.8
8 7.8

Average 8.4

Wet Clay without Mylar

Rate of Loss
- - Sample # ugms/mIn,/cm

1 20.1
2 21.4

3 20.7
4 20.1

Averaoge 20.6

Mylar Film Alone*

Samp!e # Rate of Loss 2ugms/min/cm

1 3.8
2 3.9

3 3.5
4 3.8
5 3.7

Average 3.8

*Film placed on the cylinder and thier, he!d in place by rubber band.
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Complete Dressing without Clay*

Rate of Loss
Sample _ ugms/mi n/cm2

1 18.7
2 24.9
3 27.2
4 29.0
5 23.8

Average 24.7

**See Annual Progress Report 31 December 1962 - 1 JanL~r> 1964. Appendix

F-i

c. Discussion

- ..... F-,tom-theabove resultsilt is clear that the covering which reduces the
,iuio u' vvuruiionai water loss the best is Mylar 25 alone. The figures for

the complete clay dressing and for "he complete dressing without the clay
are comparabie.

It should be noted that these exper;-eni- are sube:t t- s-..e variation
due to changes in room temperature and humidity during the runs. Controls,
however, were subject to the same varying conditions.

( This work would seem to make the "clay concept" less desirable as a
method for reducing the rate of evaporational water loss than anticipated.
Further data on the efticacy of Mylar 25 aloi e or in modified forms hao
been demonstrated by Dr. Jelenko.

The "clay concept" may still have some real value in the control of
strface infectien in bvrns.

D. Bacteriologic Studies

Preliminary bacteriologic studies were dane by Mr. F. B. Brinkley at Edgewood
Arsenal.

1. Tests on autoclaved samples as indicated in the rable. In vih'c tests are also
presented.

2. Results
'I!I-L
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Test Attagel X1585 Wyoming

1. Pure culture of B. Subtilis' No growth at No growth at No growth at
diffused through 0.3 cm of 24 or 48 hrs. 24 or 48 hrs. 24 or 48 hrs.
sterile sample on agar pla.e

2. Pure culture of ý. Subtilis No growth at No growth at No growth at
mixed with sterile sample 24 or 48 hrs. 24 or 48 hrs. 24 or 48 hrs.
and placed on ogar plate

*The pure culture of B. Subtilis was taken from an agar plate on which it grows well.

1

In Vitro Results of Clay Samples

Test Komp's Clay Wyong Attagei X1585
Bentonite X

Pure culture of Sta..i. No g.rowth at No growth at Growth plus No growth at
oureus (209) diffused 24 or 48 hrs. 24 or 48 hrs fermentation 24 or 48 hrs.
W • i 0.3 cm of of mannitol
sterile samples on within 24 hrs.
mannitol salt agar

Pure culture of E. coli No growth at No growth at No growth at No growth at
(B D2) diffused 24 or 48 hrs. 24 or 48 hrs. 24 o- 48 hrs. 24 or 48 hrs.

S~ through%.3 cm of
sterile samples on

MacConkey's agar

Pure culture of S. No growth at No growth at No growth at No growth at
strept. 023) 0 24 or 48 hrs. 24 or 48 hrs. 24 or 48 hr,. 24 or 48 hrs.
diffused through 0.3

*an of sterile samples
on blood cgar

*The Atitgel appeared to absorb the broth cultures very well but the other samples would not.

E. Clini;ol Study of Sulfamylon Spray

1. Procedure:

a. Consecutive patients with thermal burns admitted to the John Gaston Hospital

"r .Poeue
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were selected for study.

b. Treatment with 10% solution of sterile Sulfamylon HCI in distilled water was

applied twice a day by spraying and was instituted as soon as possible after
cdmission. Approximately 30 cc of solution/M 2 was used at each treatment.

c. Surface cultures were token at intervals during therapy and blood studies were
done as indicated.

d. Close clinical observation was carried out in all patient!.

2. The Series:

Thirty-one patients were studied. Twenty-two were children, the youngest
being one year old. The remainder of the series were adults with the oldest being

"112 years. Eleven were males and 20 were females. The majority of patients
were Negro.

3. Etiology.

Twenty-four hums were produced by flame (77.7%) and seven by hot liquids
(22.3%). ___

4. Burns 0- 10%/

Name .0-10% Age Total Days to Graft No1

Hospital Days

Sherman 8 9 69 26 1
- Vernadine 10 3 28 18 2

Marion 5 7 34 19

Avery 5 9 39 19 4
Roderick 1 0 3 13 None 5

I!

t i

I I
II|

II _

L l I
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5. Burns 11-20%

LI• Tota I
Name 11-20% Age - Ts•ital Days Days to Graft No.

f Kay 20 3 16 18 1
Robert H. 15 55 67 33 2
Pearline 15 8 58 32 3

SJani ce 15 1 16 INone 4

Gwendolyn 20 5 66 22 5
Demetria 15 3 42 25 6
Darlene 20 6 39 25 7
Mary E 20 6 38 29 8
Will 15 74 55 36 9
Sarah 20 112 21 D* 10
Willie Mao 12 39 28 20 11
Willie L. 15 46 37 23 12

6. Burns 21-30%

Name 21-30% Age Total Do;'s to Graft No.
Hopa Days

Willie W. 30 8 30 None 1

A. B. 25 62 71 35 2
John 25 11/2 70 35 "-3
Annie 30 6 Still in 24 4
Joyce 25 7 46 5

|| 7. Burns 31-40%

Nome 31-40% Age Total D Days to Graft No.Noe 1-0 A H .ospital Days ______

Darius 35 2 86 33 1
Pansy 40 6 58D 39 2
Veither 40 60 36D 29
NWlie 35 45 28D 4
Abe 40 4 25D 5

*Death__________ ______..1_____

I __
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8. Burns 41-50%

None

9. Burns 51-60%

Total
Name 51-60% Age Hospital Days Days to Graft No.

Vicki 60 7 11D 1

Delsie 60 74 6D 2
Pau 1 60 2 19D 3

10. Burns 61-70%

None

11. Burns 71-80%

None

12. Burns 81-90°%

Name 81-90% Age Total Days to Graft No.Hospital Days

Otis 90 4 4D L

S13. The Deaths:

a. 20%-40%

Name Age % Burn Day of Death Cause of Death

Sarah 112 20 2) Accidental
Nellie 45 3!= 28 Sepsis
Pansy 6 40 58 Sepsis

Veither 60 40 36 Myocardial infarct
Abe 4 40 25 Sepsis
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b. Discuss;on

There are 15 burms in the 20% - 40% grouo. There here ten ,urviors
ard five deaths, a mortality of 33.0%. This figure cannot be compared to
the 30% mortality reported for burns of comparable size by Morncrief, et al
(Arch. Surg., 92:558, 1966) unless deaths in our group not re'oted to sops's
or not odequatelyt heated with Sulfamylon ore excluded.

When the!e cases are excluded there remain ten patients with burns of
20% - 40% with one death.* The series is still too small to compare with
the results from the S.R.U. at Fort Sacn Houston.

The following ore the case reports of patients whose deaths may be
considered as not related to sepsis or why had inad -quote Sulfomylon therapy.

SARAH: A 112 year old Female suffered 20% s •..d and third degee flame
burns. She was started on Suifasmylon spray b.i.d. on the day of burn and
treated for five days with I.V. fluids. She did -sell during the 21 day5 she
was in the hospital. Surface cultures of her burn wound at intervals revealed
a number of organisms (Staphylococcus oureus, Proteus mirabilis and rettgeri,
E. coli, etc.), but no Pseudornanus was ever cultured. Her daily temperature
(mean) for the week prior to death was 986. Two days before death she
developed a slight rash on her back, but therapy was not stopped. Her serum
chlorides never exceeded 109 mEq/L. Her eschar on daily tub baths was
separating w a cnd at no time was any gross evidence of infection. The
eschar was dry at all times. Despite her advanced age, we fully expected
this patient to recover from her burn when on the 21st day after burn she was
left unattended in the both tub and opparently drowned. Autopsy - cause
of death, drowning. No sepsis.

NtELLE: A 45 year o;d female mongoloid who sutferee t rhird degree

flame bums. She was started on Sulfamylon spray (b. i.d.) the day of her
bum. She was treated with 1.V. fluids for four days. For the first 12 days
after burning, she did well with a clean, hard, dry eschar grossly uninfected.
Surface cultures at intervals up to this time had revealed organisms (Staphy-
lococcus oureus, Proteus vulgaris, E. coli, and also the yeast Candida
albicans), but no Pseudomonas. On the 12th day after burning, she devalcped
a severe rash ovar her ent;re body which was accompanied by an increase in
fever to 1010 and same disorientation. I .V. fluids were reinstituted and her
medicotico stopped. (Sulfomylon was the only drug beir.g used.) Within two
days her surface cultures became positive for Pseudorrnonas and three days
after cessation of Sulfamylon spray, gross infection was evident. The rash
wm improved at that time and Suifamy!on was resumeed. The rash by the next
day was worse than originally, almost resembling an exfoiliative dermatitis.

*i*Nellie
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Cultures of the surface revealed a number of organisms, including Psevdo-
monas. We were forced by her severe skin reaction to stop Sulfomylon
again. She rapidly developed evidence of severe bur-, wound sepsis and

died on the 28th duy after burning despite systemic antiLiotics, I V. fluids,

drugs.

This cas-e can be coiled "inadequate~ Suifamiylon therapy," as gross
infection was n'zt apparent until the Sulfomylon was discontinued. How-
ever, the inadequate treatment was becar-se of Sulfamyler.i -ensitivity and,
therefore, this case probably should be included in the total mortality-
figures.

PANSY: A 6 year old gi, I admitted with 40% second and third degree body
bums sustained when her clothIN. caught on fire. She was in prior good
health. Sulfomylon spray was started and continued for the first 27 days after
bvi-ning. During tis period, the eschor remained grossly clean and v'as dehrid-
ed serially. The patient maintained a mean daily temperature of 1030 F.-
104~ F. daily despite absence of grois infection. Her white blood cell count
remained in the range of 16,000 per cu.mm. Surface cultures taken at inter-
vals showed a variety of organisms, including Pseudornonas, on all but the
first culture. She developed a severe upper respiratory infection during the
first week of admissioni. By the 26th day after burning, all of the eschar was
off and althought she continued to run her high fever, she showed no clinical
evidence of bur-n wound sepsis.

She was dressed at this time ond Suifcvniylon d*.continued. Skin grafting
was delayed on a number of occasions by her high fever thought (on clinical
grounds) to be due largely ta pneumonia. A portion of her burn was autog~afted
10 days after Sulfamylon was stopped. A surface culture 20 days aftcL Sulfa-
myi~on wasstopped showea rroteusrerrget-!Oand Strep~ococcus fecoh".Shne

40 days after Sulfamylon was discontinued and the surface ready for Vicofting.

VEITHER: This 60 year ,,.ld woman sustained a 40% second and third degree
body burn when her clothing ignited. She hoc! had a cerebra! vascular acci-
dent some time prior to her burn. She l ived 36 days after her burn and received
b. i.d. Sulfamylon spray on each day from admission to death. Surface cultures
revealed a variety of organisms, including an otherwise unidentified clostridial
organism an the 10thi post burn day. Pseudamonns was cultured for the firs'- time
on the 16th post burn day and remained present in surface cultures th.3reafter.
The eschar rernained c!'-' and dry during" the. -,tge of cýebr*de~ment, but on the
28th post burn day there was some gros's infection in the few shreds o --schar
remaining. Her mean daily temperature remained e~sentially below 100 F.
untilI the 29th post burn day when she spiked to 104r F. Granulation tissi.ej appeared grossly clean at that time, but surface cultures that day revealed

L~~7
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five cgani:,rns. On the 30th post burn day she devslope• much difricuity
with lung secretofls, and on the 35th a tracheostlny wc.s dane. An EKG
was interpreted as myocardial infarct shortly before the patient dlied on day

36. Her granulation tissue was not clinically grossly infected at that time.

AB: A 4 year old boy with flame burn of 4U%, third dagfee of his bad>y.
This patient is curegoricoll, excluded ai he was treated with Sulfamylon
spray, but only Icte (14 dnys post burn) when he wvs included in our patient
load. His burns were infected He died nine days later wit;1 blood cultures
positive for Streptococcus fecalis and Aerobacter.

It would be quite fair to remove all of the above patients from the series
on the grounds that either their death was not due to sepsis, o7 that Sulfa-
mylon was not ideally applied.

14. The Living:

a. Ten patients witn burns of 20% - 40% of the body surface survived. One of
the benefits of Sulfomylon ;pray therapy was dermonstrated in this group. The
following case is typical of others in the series.

WiLLIE W. The 8 year old boy suffered deep thought to be third degree)
part;ol thickness burs of 30% of the body surface when b,:!ir,g water was

spilled o• his clothes. Sulfamylon spray and I.V. fluids star'•.d on day of
burn. Surface cultures on the third post burn day showed no gowth. By the
10tii post burn day, his white blood cell count had risen from 16.6 to 32.6.
however, his burn was grossly quite clean. Pseudomonas and Staphylococ cus
aureus were cultured that day. Mean daily temperature at opproxir'atel\
1010 1-. over the first 10 days. This wound would have ordinarily convelted

to full thickness burn from infection, but this did not occu,. Epithelial
islar•li were seen on ,ire 13th poo burn day and complete spontaneous cover-
age was achieved on 30th post burn day.

15. Burns 41% - 90%

a. Four patients are in this g-oup. One (Otis) of 90% surface burn is uniformely
unsalvogeable. The other three hod burns of 6,)% of the body surface and all
were flame bums.

Name Age I % Burn Day of Death Cause of Death

Delsie 74 60 6 Renal shutdown
Vick~e 7 60 I 11 Renal shutdown

Sepsis
Paul 2 60 19 Sepsis - Melena

Otis A 90 4 No s-ps~ s

3 _ __ ___ .



-22 -

b. Disc'jssion

Both Vickie and Delsie had renal sh.tdown. Vickie had very deep (4th
degres) tbermal burns, and her wounds appeared grossly infected on the 8th
post burn day with turface cultures showing five organisms, including Pseudo-
monas. Mean dc;ly temperatures were 1020 F. - 1030 F., and her chlorides
slowly rose (108 - 136 mEq/L). No urinary output from day 3.

It is impossible to tell what oart sepsis played in this patient, ne,,erthe-
less, gross ev; Aence of infection was present.

Delsie did not show any gross evidence of infection on day 6 when she
expired. Surface cultures that day showed Aerobacter and Strep fecalis.
She also was in renal shutdown, and her chlorides rose from 110 mEq/L to
140 m EqiL.

16. Hospital Stay:

a. Duration of hospitalization for removal of the eschar is reported to be length-
ened by the use of Sulfamylon. It is not unusual to see densely adherent,
grossly uninfected eschar still present 8 to 10 weeks after injury (Moncrief,
et al, Arch. Surg., 92:558, 1966). The comparison figures on hospital stay
at the John Gaston Ho3pitcl were taken from a study of 242 burns of 20% or
more of the body surface admitted between 1955 and 1960 to our hospital
and reported b7 Jackson and Lee (Arch. Surg., 87:937, 1963). The com-
parison is below.

Duration Hospitalization (Survivors)

W s JGH 1955-1960 Svray
Weeks % of Pt. No. 3f Pt. ' of Pt. No. of Pt.

0-2 10 15 4.5 1

2-4 11 16 13.3 3
4-8 40 58 .16.3 8
8-12 20 30 31.8 7
12-16 8 12 4.5 1
16-20 3 5 0
20-24 4 6 0
6 mos.+ 2 3 0

b. Discussion

The series at this point is still too m.nall to make a valid comparison.

I --- ,,--
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17. Conclusions:

a. Twice daily Sulfomylon spray is distinctly advantageous in the initiai period
of burn therapy for second and third degree burns. It prevents significant
infection and prevents conversion of deep second to third. At this time our
series contains insufficient numbers of burns from 40 to 50% to show valid
statistics supporting this point. Unfortunately, ii our series, five patients
with burns of about 40% died, however, it is not felt that this was due in
any case to fai lure of Sulfomylon spray.

b. The eschar formed under this therapy is hard, dry, and dl-ficult to remove.

This could be advantageous under less than optimum conditions, as in
disaster situations, as the protective covering remains in place until it is
desired to remove it.

c. Application of the spray (10% Sulfamy!on in distilled water) is painful for
most patients with second degree burns, but the pain does not lost long
(approximately ten mina.'tes).

d. There was no hyperchloremia in any patient except those with renal s.t..
down.

e. Skin reactions, one of which was very severe, occurced in three patients.
None occurred before the 12th day of therapy.

f. Reports of cultures bear no obvious relationsh~p to the clinical appearance
of the burn, except that dry eschars usually show Staphylococcus. Pseudo-
moans appeared in surface cultures at some point or other in I.Se progress of

S( nearly all patients. There were, however, no deaths from Pseudomonas
sepsis. We cannot compare our results with the results o,. others at this time
as our series is too smali, particularly in burns of from 20% to 50%. No
distinct relationship between temperature elevation and cleanliness of the
eschar was demonstrated.

g. Second degree burns (superficial dermal burns) epithealize more rapidly
with Sulfamylon spray than with any other method we have ever used.

h. Yeast infections of the etchar occurs under Sulfamylon therapy, but is of
probably no clinical significance.

i. B.i.d. Sulfamylon spray will be used as policy for the next 12 months onr
all burn odn ssions.
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III. Final Summary Ropoit

A. Introduction

Work under contract DA-18-108-CML-7113 was begun in June 1962 at the termi-
nation of a one year grant for development of an expedient treatment fo- vesicant burns.
During the period of effort, the orig;nal objectives of this research contract have gQadu-
ally chaný,ed in emphasis because of the results of study of experimental vesicant burn..
The original objective was seemrrngly of maior ;.- :gh deglee of incop-.city
from re!at:vely sn,.,; areas at vesicant burns, e.g. . scrotum, axilla, or haiws, in combat
troops would seem empirically to be a problem. Because flame burns and their treatment
are also important to the military, effoirs for the evaluation of various forms of therapy
for these injuries were carried out.

B. Vesicant Burns

V,.sicant burns were made on the forearm of a number of volunteers. At various inter-
vals after burning, fluid was aspirated from the blisters and analyzed for total protein,
sodium, potass*um, chloride, and calcium. Comparison wcs made between serum levels
and blister fluid leveis. (Data in Semi-annual Report, I February 1963.) The benign
nature of vesicant burns in volunteers in every instance determined a reappraisal of the
incapacity which might be produced under combat conditions. There was remarkable
Gusence of infection and prompt, uncomplicated healing in every instance. This raised
the further question that any treatment which might be applied to these experimental
burns could not improve on the observed clinical course. It is most imporrant to avoid a
poorly coiaceived generalization that a proposed treatment of experimental vesicant burns
would, a priori, be L~i.eficial to similar burns sustained in combat. An exhaustive search
was made for description of actual combat ineffectives resulting from vesicant burns.
Review of medical literature (including classified material), as well as c' rrespondence

-U (with medical officers on active duty in VAN I was unproductive of any ve, ified experi-
ences with vesicart bums. No documented experience was discovered concerning in-
ccoacity, clinical types, degree, or treatment of vesicant burns obtained in actual com-
bat. Report no. 42 CD (Aust.) 20 May 1944, Assessment of Casualties from Vesicant
Agents (classified) was the only comprehensive study of the effects of vesicant agents
under combat conditions discovered. A motion picture illustrating this report (unclassi-
fied) was carefully appraised. It was concluded that the problem of possible combat

ineffectives foilowing vesicant exposure would seem relative!y unimportant. In any case,
the symptoms and healing pattern of small experimental blisters utilized in our experiments
cou-d in no way be compared to combat vesicant burns. Repo.- of simulated H L-uns

indicate that incapacity, i.e., hospitalization, was required fot ýkin burns, especialo!
genital, bvt in nearly every case the exposure (ct) necessary to produce skin lesions of
such magnitude was also sufficient to produce symptoms of systemic toxicity. The pro-
posed condition of intensive study of vesicant blister fluid was altered because of this to
include work with thermal burns. Histologic study of excised vesicant burns wcs not done,
as a compre.iensive study of serially excised H burns at intervals up to 38 days hod already
been done (see OSRD 3620 and OSRD 3620-A).
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No cpporent difference in healing c" ;i burns in a human volunteer wcab seen
when DMSO was used to treat the burn and a control without treatment was compared.

C. Thermcl Burns

Two primary routes of investigation were pursued. The first, study of evaporative
water loss and its possible effect on the hypermetabolic syndrome of major burns, and,
second, various forms of topical therapy for thermal burns. An apparatus for the direct
measurement of evaporational water loss was developed. Many experiments were
-carried out with the apparatus (data in Annual Report, 1 February 1964). Reproducibility,
however, was not satisfactory. Improvements of this apparatus by Dr. Cork Jelenko has
established it as a very accurate method for the measurement of evaporational water Iuss.

An apparatus using standard laboratory heat gun for producing thermal burns in vol-
unteers was describedi(see Annual Progress Report, 1 February 1964). One further
apparatus was also developed in an attempt to deposit antibiotics beneath the eschar of
third degree burns. This apparatus utilized nitrogen under high pressure to force anti-
biotic rilutions through tiny holes in the nozzle into the sub-eschar layers. A prototype
of such an apparatus was described (see Appendix E, Annual Progress Report, 1 February
1964). It is the impression of the Investigator that such an apparatus could be perfected,
however, the success of topically applied Sulfamylon would make the time and effort to
do so not very rewarding. Data obtained reveal evoporational water loss through third

degree burn surfaces lo be about 20 times control. Methods for reducing evaporational
water loss were tested with primary emphasis on the use of Fuller's earth. Clay dressings
reduce the rate of evaporational water loss and in vitro adsorb bacteria readily. To date,
Mylar 25, by irseif, has been the most efficient membrane for reduction of evaporative
water loss.

D. Sulfamylon Studi.s

Penetration of the sk;n, both burned and unburned with various concentrations of
- Sulfamylon, with and without DMSO, was studied. Some work with diffusion chambers
was done, but reproducibility with the technique is not very good. Data on skin pene-
tration by Sulfarnylon is tabulated in the Annual Report, 31 March 1962 - 31 May 1966.
A clinical study of 10% Sulfamylon spray was started and the results of the first group of
potients is encouraging, however, as yet, a large enough. group of patients has not been
treated to draw definite conclusions.


